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[57] ABSTTRACr 

Diversity combiners for use in satellite and other com- 
munication systems. Such combiners are able to accom- 
modate fast and dramatic signal fades and doppler shifts 
inherent in satellite communications by employing dif- 
ferential and common mode automatic phase control 
and differential and common mode signal weighting 
techniques. Phase control takes place in these combin- 
ers after signal weighting to decrease differential loop 
phase detector gradients and noise bandwidth as a func- 
tion of signal-to-noise imbalance of the channels. An 
acquisition circuit is provided to deactivate the differen- 
tial phase control loop when either signal falls below a 
predetermined level. During times when the faded sig- 
nal reemerges, the combiner establishes optimal com- 
bining with minimum phase discontinuities on the out- 
put or phase lock reacquisition disturbances. 

14 Claims, 3 Drawing Sheets 
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• Space diversity techniques have proven useful in 

DIVERSETY COMBINER satellite communications. Satellite spin creates periodic 

signal dropouts at essentially one dropout per revolu- 
This invention relates to methods and devices for tion of the satellite about its axis. Satellite communica- 
combining signals from two or more communications 5 tions also involve doppler shifts which arc not encoun- 
receivers. tered in earth antenna communications systems. Dop- 

BACKnROUNn OF THF TNVFNTTmsj ^^^^ ^^^^^ ^^^^^ motion of the 

BACKGROUND OF THE INVENTION ^^^^^^ ^.^ ^^^^^ ^j^^ ^^^^^^ 

Diversity techniques have been used for many years from the satellite mounted antenna spinning about the 
to address signal fading and other phenomena that take .10 axis of the satellite and thus moving with respect to the 

place in radio communications systems. In general, two receivmg antennas on the earth. Satellite spin dropouts 

or more signals from a source may be received, pro* and shifts occtir quickly and dramatically, so a satellite 

cessed in two or more channels and combined in ah communication diversity system must be able to handle 

appropriate manner in order to reduce effects of fading fast fades and rapid doppler shifts, 
and other phenomena. 15 Signab received from the.satellite in a space diversity 

Diversity techniques include at least four types: system have essentially identical modulation formats so 

space, frequency, time and angle diversity. A space that their spectral contents differ only in phase and 

(tiversity system includes two or more antennas spaced frequency. The signals presented to a combiner in such 

for enough apart to yield signals which have different a system may exhibit differences not only in strength 
&ding characteristics. In the other systems, carrier fre- 20 and doppler, but also in down converter frequency 

quencies are spaced apart, time delays are incorporated offsets, delays due to differing cable lengths and other 

or separately polarized beams are used toward the same differences such as from oscillator characteristids. Di- 

end. Although the present invention is discussed pri- versity techniques in satellite communications must 

manly with respect to.^ace diversity systems, it may be address not only these concerns, but they also should 
used with any appropriate diversity techniques or sys- 25 provide tracking for commoti mode doppler effects aid 

terns. centering the combined signal in the de^ed passbands 

Space diversity systems have long been used in over- of each receiver, 

the-horizon or forward scattering ultra-high frequency Equally important in diversity techniques is the need 

systems. Many of those systems combine two signals to weight the signals to be combined in an optimal fash- 
which share a common frequency by adjusting the 30 ion. l^e signals may be weighted according to the 

phase of each signal to be combined with respect to the output gain of the combiner in order to compensate for 

other. The aim is to ensure that the signals are substan- fading and to normalize the output to required levels, 

tially time coincident and in a predetermined phase This first type of weighting, referred to sometimes in 

relationship and to obtain maximum additive effect this document as "common mode" weighting, includes 
when the signals are combined. Such a system is dis- 3S a technique known as "equal gain" combining. Equal 

closed in U.S. Pat No. 2,975,275 issued Mar. 14, 1961 to gain combining is described in U.S. Pat. No. 3,631,344 

Adams. That patent is incorporated by reference. issued Dec. 28, 1971 to Greenwald, which b incorpo- 

Such phase control "techniques" include adjusting rated by reference. It discloses a system in which the 
the frequency of an oscillator in each signal channel output of the combiner, the common IF signal, is moni- 
with respect to a control signal corresponding to the 40 tored to generate an automatic gain control signal. This 
phase, difference between the channels in order to cause AGC signal is applied to the IF amplifier in each chan- 
frequency, phase and time coincidence of the intermedin nel in an effort to assure a constant amplitude, conunon 
ate frequency signals to be combmed. One such tech- IF signal at the output of the combiner, 
nique involves the use of a phase detector to compare Because equal gain combining causes the weaker 
the phase of the IF signal in each channel. The phase 45 signal to contribute undesired noise to the common 
detector is coupled to an . oscillator which drives the signal, however, techniques have been developed to 
two IF signals into desired phase relationship for addi- weight each signal to be combined with respect to the 
tive combining. This technique is disclosed in U.S Pat gam of the other signal. Such techniques are referred to 
No. 2,955,199 issued Oct. 4, I960 to Mindes, which is m this document as "differential mode" weightmg tech- 
incorporated by reference. 50 niques. One differential mode technique has been re- 
Other diversity techniques involve adjusting not only ferred to as "maximal ratio" combming. There, the gain 
the phase of the signal in each channel with respect to for each IF signal prior to combining is adjusted ac- 
the other channel, but also adjusting both signals with cording to the ratio of the signal levels of the channels, 
respect to a reference frequency. The first type of con- Maxinoal ratio combining is disclosed in U.S. Pat. No. 
trol is referred to in this document as ''differential 55 3,195,049 issued July 13, 1965 to Altmanetal., which is 
mode** phase control while the second is referred to as incorporated by reference, 
''common mode" phase controL 

Types of differential and common mode phase con- SUMMARY OF THE INVENTION 

trol are disclosed in U.S. Pat No. 3,201,692 issued Aug. Diversity combmers according to the present inven- 

17, 1965 to Sichak, et al., which is incorporated by 60 tion utilize both diversity and common mode techniques 

reference. The Sichak patent discusses the use of such not only for maximizing pl»se coherency between two 

techniques in a single sideband communications sys- or more channels, but also for weighting the signals to 

terns. It disctoses a system in which a phase detector be combined. 

monitors the combined signal and controls oscillators m A phase detector monitors the phase difference be- 

one or more signal channels. Similar common mode 65 tween the channels in a two channel system according 

phase control techniques are also disclosed in U.S. Pat. to the present invention and ^plies equal magnitude 

No. 3348,152 issued Oct. 17, 1967 toLaughlin, Jr.etal., but opposite polarity control signals to voltage con- 

which is incorporated by reference. trolled crystal oscillators for each channeL These oscU- 
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iators provide second local oscillation for the two chan* - takes place prior to phase control in order to decrease 

ncls. The phases of the two signals arc thus driven differential loop phase detector gradients and noise 

toward one another in a differential feedback loop. band-width as a function of signal-to-noise imbalance of 

Common mode phase control is provided by frequen- the channels, 
cy/phase detection in the receiver demodulator used S It is an additional object of the present invention to 
for signal detection. A carrier recovery circuit derives a provide a diversity combiner that is able to track corn- 
carrier component from the incoming combined signal. mon mode orbital induced doppler and center the pass- 
The carrier is compared against a reference frequency band of each channel with improved noise perfor- 
to provide a phase error signal to both voltage con- mance. 

trolled crystal oscillators used in the difTerential loop. 10 It is an additional object of the present invention to 
This signal steers the oscillators to maintain phase co- optimize diversity combiner performance by weighting 
herency and phase lock to the reference frequency. This each signal to be. combined according to its instanta- 
common loop has bandwidth adequate to track orbital neous signal-to-noise ratio and according to an auto- 
doppler and oscillator phase noise but small enough to matic gain control signal from its channel, 
minimize the degradation of demodulator performance IS It is a further object of the present invention to pro- 
caused by thermal noise. A significant advantage of this vide differendal mode phase coherency control tech- 
configuration is that common mode automatic phase niques which utilize means for detecting and compen- 
control utilizes the combined signal and therefore has sating for dramatic and fast changes in signal level and 
improved noise performance. doppler shifts. 

Because the combiner must be able to handle fast and 20 It is a ftaher object of the present invention to pro- 
dramatic signal fades and fast doppler shifts inherent in vide phase coherency control techniques that utilize 
satellite conununications, the combiner includes an ac- differential and common mode phase control to elimi- 
quisition circuit which deactivates the differential mode nate the master-slave techniques commonly used in 
phase loop when the signal in either of the channels falls diversity combiners. 

below a predetermined level The acquisition circuit 25 It is a further object of the present invention to pro- 
compares phases between the two channels to accom- vide phase coherency control techniques that utilize 
plish this and therefore allows the differential loop to differential and common mode phase control in which 
reactivate with minimum discontinuity when the faded an acquisition circuit deactivates or attenuates the dif- 
signal increases in strength* ferential loop when either input signal falls below a 
Perhaps equally important are automatic gain control 30 predetermined level and then subsequently requires and 
techniques of the present invention. Each channel pro- reactivates the differential loop when the signal levels 
vides a measure of average signal-to-noise ratio from are regained. 

the receiver AGC bus "zeroed on noise." Because the Other objects, features and advantages of the present 

AGC bus responds too slowly to track fast signal fades invention will become apparent with reference to the 

of amplitude modulation, however, AM detectors are 35 remainder of the text and the drawings. 

S ?h*^i^^11"S^^^^^^^ 7^. DESCRIFHON OF THE DRAWINGS 

plied to log amplifiers and summed with the AGC sig- FIG. 1 is a diagram of elements of a diversity com- 

nab from the receivers. A differential amplifier utilizes biner according to a preferred embodiment of the pres- 

these signals to generate signals that correspond to the 40 ent invention. 

ratio of signal-to-noise ratios of the two channels. These FIG. 2 is a diagram of the signal weighting circuits 

signals are applied to weighting amplifiers in each chan- used in combiner of FIG. 1, 

nel which have gain control inputs that are linearized so FIG. 3 is a diagram of the phase control circuits used 

that weighting gain in decibels is proportional to input in the combiner of FIG. 1. 

voltage. Control voltages from the differential amplifier 45 DETAILED DESCRIFnON OF THE 

thus mcrease the gam of the stronger signal and de- DRAWINGS 

crease the gain of the weaker signal. 

Common mode signal weighting is also utilized in the FIG. 1 illustrates in block form a preferred embodi- 

picsent invention, among other purposes* to normalize ment of a diversity combiner according to the present 

the combiner output An AGC detector monitors the 50 invention. Signals from each channel are applied to 

combiner output level and provides control to each weighting amplifiers 14 and 16. Amplifiers 14 and 16 

weighting amplifier to establish conunon mode operat- may be any conventional amplifiers which control the 

mg gain. gain of the received IF signals. They preferably control 

The weighting amplifiers of the present invention that gain according to gain control inputs that are lin- 

provkle optimally weighted signak to the phase control 53 earized so that weighting gam in decibels is propor- 

loopsy rather than the signals being weighted after phase tional to input control voltage. Amplifiers 14 and 16 are 

control takes place. As a result, the difTerential loop coupled to a summer 19 w^ch sums the weighted sig- 

phase detector gradient and noise bandwidth as a func- nals to produce the combined output of the diversity 

tion of signal-to-nobe imbalance of the channels is mini- combiner. 

mized. 60 Signal weighting elements in FIG. 1 are shown in 

It is therefore an object of the present invention to greater detail m FIG. 2. The gain of each weighting 

provide a diversity combmer that is able to accommo- amplifier 14 and 16 is controlled by . differential and 

date fast doppler shifts and signal fades inherent in satel- common mode weighting loops. The differential loop as 

lite communications by employing differential and com- shown in FIG. 2 utilizes automatic gam control signals 

mon mode automatic phase control and signal 65 "zeroed on noise'* from each receiver to control a dif- 

weighting techniques. ferential amplifier 20 which may be of conventional 

It is an additional object of the present invention to design. AM detectors 22 and 24 coupled to logarithmic 

provide a diversity combiner in which signal weighting amplifiers 26 and 28 monitor fast level changes in the 
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receiver IF signals not monitored by the receiver's generated by detector 36 passes through either a maxi* 

AGC bus. The signals from the logarithmic amplifiers mum positive or maximum negative value. A further 

26 and 28 are summed with the AGC signals from the characteristic of the two waveforms is that the polarity 

receivers for input to the differential amplifier 20. Dif- of the waveform frpm detector 36 when observed dur- 

ferential ampli^er 20 generates for each channel an 5 ing a positive sloped zero crossing at the output of de- 

output signal proportional to the logarithm of the sig- tector 46 changes depending on the polarity of the fre- 

nal*to-noise ratio of that channel relative to the signal- quency difference between the two received channels, 

to-noise ratio of the other channel. These output signals The acquisition circuit samples the voltage from detec- 

are applied to the weighting amplifiers 14 and 16 for tor 36 during positive zero crossings of the waveform 

each channel. 10 generated by detector 46. Thus, a signal is developed 

The output of the combiner must be normalized to a whose polarity is indicative of the polarity of the fre- 

desired reference level. A common mode loop which quency error. During acquisition, this signal is supplied 

includes an AGC detector 30 monitors the combined IF to loop amplifier 38 to steer the differential loop to 

signal from summer 19 coupled to weighting amplifiers bring the frequency error to zero and thus allow the 

14 and 16 to provide control signals through AGC loop IS loop to pfaase-lodc 

amplifier 34 to the control input to each weighting The ctifferential loop provides no control for tracking 

amplifier 14 and 16. common mode doppler or centering of the signal in a 

The received IF signals are thus weighted before second IF passbands of each receiver. This function is 
phase control is applied. FIGS. 1 and 3 tllustratc differ- provided by frequency/ phase detection in the particu- 
ential and conmion mode phase control according to 20 lar demodulator used for signal detection. The demodu- 
the present invention. AGC amplifiers 14 and 16 are lator shown in FIG. 3 is a PSK demodulator; however, 
coupled to a phase detector 36 as shown in FIG. 3. a PM demodulator or an FM demodulator may be used 
Hybrid 17 provides a 90 degree phase shift between depending on the signal modulation format. In the de- 
amplifier 14 and detector 36. Detector 36 is coupled to modulator shown in FIG. 3, earner recovery circuit 50 
a loop amphfier 38 whose output is connected to a volt- 25 derives a carrier component from the incoming corn- 
age controlled crystal oscillator 40 for the second chan- bined IF signal from the combiner. The recovery car- 
neLThcoutputpolarity of loop amplifier 38 is inverted rier is compared against a reference signal in phase 
in inverter 42 and applied to a VCXO 44 for channel 1. detector 52, The phase error after amplification in am- 
The VCXO's provide second local oscillator signals for plifier 54 is provided to both voltage control crystal 
down converting the received signals to a 20 mHz IF 30 oscillators 40 and 44 to maintain phase coherency and 
frequency. As perhaps best shown in FIG. 1, the circuit phase lock to the reference frequency. The common 
describes a differential feedback loop for automatic mode AFC loop preferably has bandwidth adequate to 
phase control and serves to maintain phase coherency track the orbital doppler and oscillator phase noise but 
between the received signals. The gain versus fre- narrow enough so that thermal noise provides minimal 
quency characteristics of this loop may be made select- 35 degradation to demodulator performance. Because this 
able and can be tied to the bandwidth selected in the common mode APC approach uses the combined signal 
demodulator. The loop may also contain an mtegrator for automatic phase control, it provides the added ad- 
to hold static phase error near zero. vantage of improved APC noise performance. 

A second detector 46 is used as a coherent detector In operation, if the signal on one channel undergoes a 

with output proportional to the product of the two 40 fast fade such as that caused by a spinning satellite an- 

input signals from weighting amplifiers 14 and 16. Out- tenna, the AGC signal from the receiver will not catch 

put from detector 46 is used by acquisition circuit 48. the fade. However, the AM detector 22 or 24 will un- 

When the differential loop is locked, the output from dergo a dramatic drop in level as will the output of its 

phase detector 36 is zero volts while the output from associated logarithmic amplifier 26 or 28. This voltage 

coherent detector 46 is at a maximum positive value. 45 change will upset the balance on the differential ampli- 

These conditions are present because of the 90' phase fier 20 such that the weighting amplifier 14 or 16 will be 

difference between the two outputs of hybrid 17. Ac- heavily attenuated while the other weighting amplifier 

quisitiott circuit 48 serves two functions. When locked will have mcreased gain. The AGC detector 30 at the 

acquisition circuit 48 provides a signal to loop amplifier combined output will detect an increase in output level 

38 to disable the differential loop if either received sig- 50 and renormalize the two weighting amplifiers 14 and 16 

nai becomes excessively noisy. Iliis is achieved by com- to maintain a predetermined desired level. The signal 

paring the output of coherent detector 46 against a fixed fade and the resultmg attenuation of the channel will 

threshold level. If the detector output is below the fixed cause the gradient of the differential phase detector 46 

level, loop amplifier 38 is disconnected from phase de- to tend to zero. The differential APC loop will deacti- 

tector 36 thus opening the differential loop. The second 55 vate and both VCXO's 40 and 44 will track the common 

function for acquisition circuit 48 is to aid in initial mode APC loop. When the signal returns, the differen- 

acqubition or reacquisition of the differential AFC tial loop will reactivate and the reemcrging signal will 

loop. again be combined to form a portion of the output 

During initial acquisition or reacquisition, circuit 48 The foregoing is provided for illustration and de- 
works as follows When locked, phase detector 36 pro- M soription of a preferred embodiment of the invention, 
duces a periodic ^'beat note" whose periodic rate is Modifications and adaptations to this embodiment will 
proportional to the frequency error between the two be apparent to those of ordinary skill in the art and may 
received signals. Likewise, coherent detector 46 pro- be made without departing from the scope or spirit of 
duces a periodic '"beat note'* with the same periodic rate the invention, 
as detector 36. However, because of the 90** phase dif- 65 I claim: 

ference developed between the two output signals from 1. A diversity combiner, comprising: 

hybrid 17, the waveform generated by coherent detec- (a) a signal weighting section which provides differ- 

tor 46 passes through zero volts when the waveform ential and common mode weighting to signals from 
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at least two channels and combines the signals to 
fonn a combined signal comprising: 
(t) differential mode signal weighting means con- 
nected to each channel for receiving intermedi- 
ate firequency signals from the channels and for ^ 
adjusting the gain of each channel according to a 
function of the gains of the other channels; and 
(ii) common mode signal weighting means Connected 
to the difiTerential mode signal weighting means for 
adjusting the gain of each channel to achieve a 
predetermined combiner output level; and 
(b) a phase control section which receives signals for 
each channel which have been subjected to differ- 
ential and common mode weighting in the 
weighting section and provides differential and 
common mode phase control to the signal compris- 
ing: 

(i) differential mode phase control means connected 
to the differential mode signal weighting means 2q 
and to each channel for adjusting the phase of each 
channel according to a function of the phases of the 
other channels; and 

Gi) conunon mode phase control means connected 
to the common mode signal weighting means 25 
and to each channel for adjusting the phase of 
each channel according to a function of the 
phase of a reference signal. 

2. A diversity combiner according to claim 1 in 
which the differential mode phase control means com- 30 
prises: 

(a) AM detection means for detecting fast signal fades 
and doppler shifts in each channel; 

(b) differential amplifier means which receives signals 
from the AM detection means; and 35 

(c) weighting amplifier means for each channel for 
receiving control signals from the differential am- 
plifier means corresponding to the ratios of signal- 
to-noise ratios for the channels and for adjusting 
the gain of that channel's signal according to the ^ 
received control signal. 

3. A diversity combiner according to claim 2 in 
which the differential amplifier means also receives 
AGO signals from each channel to generate control 
signals for the weighting amplifier means. 

4. A diversity combiner according to claim 1 in 
which the common mode signal weighting means com- 
prises: 

(a) weighting amplifier means for each signal channel 
for adjusting the gain of that channers signal; 

(b) summing means coupled to the weighting ampU- 
fier means for summing the signals to form a com- 
bined signal; and 

(c) envelope detection means for monitoring the level 55 
of the combined signal and providing a control 
signal to be applied to the weighting amplifier 
means for each channel 

5. A diversity combiner according to claim 1 in 
which the differential phase control means comprises: 50 

(a) a phase detector means which receives signals 
from the signal weighting section to provide phase 
difference signals; 

(b) a first oscillator means for receiving phase differ- 
ence signals originating in the phase detector to 65 
provide oscillation to a first channel; 

(c) inverter means for inverting the polarity of the 
phase difference signals; and 



45 



50 



(d) a second oscillator means for receiving phase 
difference signals from the inverter means to pro- 
vide oscillation to the second channel. 

6. A diversity combiner according to claim 1 in 
which the differential mode signal weighting means for 
each channel comprises an automatic gain control am- 
plifier controlled by an input corresponding to the sig- 
nal-to-noise ratio of that channel and the signal-to-noise 
ratios of the other channels. 

7. A diversity combiner according to claim 6 in 
which each channers signal-to-noise ratio is presented 
as an automatic gain control signal and in which the 
differential mode signal weighting means for each chan- 
nel further comprises: 

(a) detector means for detecting quick signal level 
changes; and 

(b) combining means for adjusting that channel's 
automatic gain control signal according to the de- 
tector means output 

8. A diversity combiner according to claim 6 in 
which the differentia] mode signal weighting means 
further comprises at least one differential amplifier 
whose inputs correspond to the signal-to-noise ratio of 
each channel and which provides a signal to each chan- 
nel's automatic gain control amplifier corresponding to 
the signal-to-noise ratio of that channel relative to the 
signal-to-noise ratios of the other channels. 

9. A diversity combiner according to claim 6 in 
which the conunon mode signal weighting means com- 
prises: 

(a) summing means coupled to the automatic gain 
control amplifiers for combining the signals of the 
channels; 

(b) an automatic gain control detector coupled to the 
summing means for monitoring the combined sig- 
nal output level of the summing means; and 

(c) combining means for adjusting the input of each 
automatic gain control amplifier according to the 
output of the automatic gain control detector. 

10. A diversity combiner according to claim 1 for 
providing phase coherency between two channels in 
which the differential mode phase control means for 
each channel comprises an oscillator means coupled to 
that channel which oscillator means is controlled by a 
signal correspondmg to the difference in phase between 
tlmt channel and the other channels. 

11. A diversity combiner according to claim 10 in 
which the differentia] mode phase control means fur- 
ther comprises a phase detector for monitoring the 
difference in phases of the channels and in which the 
oscillator for one of the channels is controlled by a 
signal corresponding to the phase detector output and 
the oscillator for the other channel is controlled by a 
signal corresponding to the phase detector output in- 
verted in polarity. 

12. A diversity combiner according to claim 1 in 
which the differential mode phase control means in- 
cludes an acquisition sensing means for deactivating the 
differential mode phase control means when the gain of 
either channel falls below a predetermined level. 

13. A diversity combiner according to claim 12 in 
which the acquisition sensing means comprises: 

(a) detector means for detecting when the gain of 
either channel falls below a predetermined level; 
and 

(b) an acquisition circuit coupled to the detector 
means for controlling the differential mode phase 
control means. 



05/21/2004, EAST Version: 1.4.1 



4,805,229 



14. A diversity combiner according to claim 10 in 
which the common mode phase control means com- 
prises: 

(a) demodulator means for deriving a carrier compo- 
nent from a combmed signal, comparing that car- 



10 



ricr component with a reference signal in order to 
derive a phase error signal; and 
(b) adding means coupled to the demodulator means 
for contributing the phase error signal to the input 
of each channel's oscillator means. 
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